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(54) Interceded turbine blade cooling air feed system. 

(57) A gas turbine engine having a compressor 
(18) and an air-cooled turbine (38) is provided 
with a cooling system for decreasing the tem- 
perature of the turbine cooling air. A heat 
exchanger (50), mounted on the compressor 
casing (22), receives a portion of the press- 
urized air which is bled from the compressor 
(18). A heat sink medium is pumped through the 
heat exchanger (50) into heat exchange rela- 
tionship with the pressurized air, thereby cool- 
ing the air. The cooled air is then further 
pressurized and routed to and circulated 
through the turbine rotor blades (42) to provide 
improved cooling thereof. The intercooling of 
the compressor bleed air permits a reduction in 
the quantity of compressor air required for 
turbine rotor blade cooling or allows an in- 
crease in turbine entry temperature and thus 
provides an improvement in engine power and 
performance. In the case where the heat sink 
medium is engine fuel, the heat extracted from 
the compressor bleed air is returned to the 
engine operating cycle in the form of heated 
engine fuel. 
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Field of the Invention 

This invention relates to gas turbines and, more 
particularly, to a concept for efficiently reducing the 
temperature of air used to cool high-temperature tur- 
bine rotor blades. 

Background of the Invention 

It is well understood that turbine inlet temperature 
is a major determinant of the specific power available 
from a gas turbine. However, current turbines are lim- 
ited in inlet temperature by the physical properties of 
the materials used to construct the turbines. To per- 
mit turbines to operate at gas stream temperatures 
which are higher than the temperatures which con- 
ventional materials can normally tolerate, consider- 
able effort has been devoted to the development of 
sophisticated methods of turbine cooling. 

In early gas turbine engine designs, cooling of 
high-temperature components was limited to transfer- 
ring heat to lower-temperature parts by the method of 
conduction, and air-cooling technology was limited to 
passing relatively cool air across the face of the tur- 
bine rotor disks. In order to take advantage of the po- 
tential performance improvements associated with 
higher turbine inlet temperatures, modern turbine 
cooling technology utilizes air-cooled hollow turbine 
nozzle vanes and rotor blades to permit operation at 
inlet gas temperatures in excess of 2000°F. Various 
techniques have been developed to cool these hollow 
blades and vanes. These incorporate two basic forms 
of air cooling, used either singly or in combination, de- 
pending upon the level of gas temperatures encoun- 
tered and the degree of sophistication permissible. 
These basic forms of air cooling are known as con- 
vection and film cooling. 

However, the benefits obtained from sophisticat- 
ed air-cooling techniques are at least partially offset 
by the extraction of the necessary cooling air from the 
propulsive cycle. The conventional source of coolant 
for a high-pressure turbine is air which is bled off the 
compressor portion of the gas turbine engine and is 
routed to t he hollow interior of the turbine blades. The 
quest for thermal efficiency has caused an increase 
in the compressor delivery air temperature. However, 
the compressor air, having a temperature much less 
than that of the turbine flow path gas stream, absorbs 
heat from the turbine blades to maintain the blades at 
an acceptable temperature. When this heated cooling 
air leaves the turbine blades, perhaps as a coolant 
film, this heat energy is lost to the propulsive cycle 
since the cooling air is normally mixed with the ex- 
haust gases and ejected from an engine nozzle. More 
particularly, the air that is bled from the compressor 
and used as cooling air for the turbine rotor blades 
has had work done on it by the compressor. However, 
because it is normally reintroduced into the flow path 



gas stream downstream of the turbine nozzle, it does 
not return its full measure of work to the cycle as it ex- 
pands through the turbine. Additionally, the reintro- 
duction of cooling air into the gas stream produces a 

5 loss in gas stream total pressure. This is a result of the 
momentum mixing losses associated with injecting a 
relatively low-pressure cooling air into a high- 
pressure gas stream. The greater the amount of cool- 
ing air which is routed through the turbine blades, the 

10 greater the losses become in the propulsive cycle. 
Thus, while turbine blade cooling has inherent advan- 
tages, it also has associated therewith certain inher- 
ent disadvantages which are functions of the quantity 
of cooling air used in cooling the turbine rotor blades. 

15 It will, therefore, be appreciated that engine per- 

formance can be increased by reducing the amount 
of cooling air required by the turbine rotor blades. One 
system for accomplishing this goal was disclosed in 
U.S. Patent No. 4,1 37,705 to Andersen et al. In accor- 

20 dance with that teaching, an aircraft gas turbine en- 
gine is provided with a turbine wherein the rotor disk 
bears a plurality of hollow, air-cooled turbine blades. 
. Cooling air is bled from the compressor portion of the 
engine and routed radially inwardly into a compact 

25 heat exchanger connected to and rotatable with the 
compressor. Heat which has been introduced into the 
cooling air through the compression process is ex- 
tracted within the heat exchanger by engine lubricat- 
ing oil which is routed through the heat exchanger 

30 and into heat exchange relationship with the cooling 
air. The cooled cooling air is then directed from the 
heat exchanger and through the turbine rotor blades 
to provide improved cooling thereof. The lubricating 
oil is that which performs the usual engine lubrication 

35 function so that an additional coolant need not be car- 
ried by the aircraft Subsequently, this oil is cooled by 
engine fuel or the fan bypass stream airflow (in a gas 
turbofan engine) in a stationary heat exchanger rela- 
tively remote from the turbine. The use of the fuel as 

40 the final heat sink results in a partially regenerative 
engine in that most of the heat removed from the 
compressed air is reintroduced into the engine cycle 
as heated engine fuel. 

45 Summary of the Invention 

It is an object of the present invention to improve 
upon the teaching of U.S. Patent No. 4,137,705 by 
eliminating the lubricating oil from the heat exchange 

so cycle and performing the coolant heat exchange or 
heat rejection external to the engine, thus providing 
scope for efficient heat exchanger design, including 
modulation of coolant temperature and easy access 
for inspection and replacement In particular, it is an 

55 object of the invention to provide direct or indirect heat 
exchange between cooling air bled from the high- 
pressure compressor and the fuel for the engine. 
Another object of the invention is to enhance the 
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efficiency and increase the power available from a 
core engine of predetermined size. 

A further object of the invention is to provide an 
aircraft gas turbine engine in which the turbine rotor 
blades are cooled to withstand the high-temperature 
gases of combustion. 

It is another object of the invention to reduce the 
amount of cooling air required by the turbine rotor 
blades by reducing the temperature of the cooling air 
passing therethrough in order to improve cooling ef- 
fectiveness. 

Yet another object is to provide an aircraft gas tur- 
bine engine wherein the work done by the compres- 
sor on that portion of the pressurized air used for tur- 
bine cooling is returned to the engine power cycle as 
useful energy. 

Another object of the invention is to provide a 
mechanism for modulating the coolant temperature at 
lower power and lower fuel flows. In particular, to 
avoid overheating of the fuel at low fuel flows, the 
cooling air bled from the compressor should bypass 
the fuel heat exchanger. 

These objects are attained in an aircraft gas tur- 
bine engine in accordance with the invention by pro- 
viding a turbine wherein the rotor disk bears a plurality 
of hollow, air-cooled turbine blades. Cooling air is bled 
from the high-pressure compressor and routed into a 
heat exchanger mounted at a location remote from 
the turbine, for example, on the outside of the com- 
pressor casing. Heat which has been introduced into 
the cooling air through the compression process is 
extracted within the heat exchanger by fuel which 
acts as a heat sink when routed through the heat ex- 
changer and brought into heat exchange relationship 
with the cooling air, either directly or by way of an in- 
termediate inert or nonflammable fluid medium. The 
use of inert or nonflammable fluid as the intermediate 
medium eliminates the possibility of fuel entering the 
cooling airflow path, which could result in the event 
of a leak in a heat exchanger where the fuel and cool- 
ing air are in direct heat exchange relationship. 

The cooled cooling air is then directed from the 
heat exchanger, further compressed and then 
passed through the turbine rotor blades to provide im- 
proved cooling thereof. For higher coolant flows, fan 
bypass air can be used as a supplemental or alterna- 
tive heat sink. The use of fuel as the heat sink results 
in a partially regenerative engine in which the heat re- 
moved from the compressed air is reintroduced more 
efficiently into the engine cycle. 

Incorporation of the turbine blade cooling system 
in accordance with the invention into an aircraft or 
other gas turbine engine permits a reduction in the 
quantity of compressor air required for turbine rotor 
blade cooling and thus provides an improvement in 
engine performance. Conversely, an increase in 
blade life can be achieved by maintaining the original 
coolant flow rate but reducing the temperature of the 



coolant, with essentially no degradation in engine 
performance, or the turbine entry temperature can be 
increased to raise power output 

5 Brief Description of the Drawings 

These and other advantages of the invention will 
be better understood when the detailed description of 
the preferred embodiment of the invention is read in 

10 conjunction with the drawings, wherein: 

FIG. 1 is a partial cross-sectional view of an air- 
craft gas turbine turbofan engine in accordance 
with a first preferred embodiment of the invention 
and illustrating schematically the relationship of 

15 various systems; 

FIG. 2 is an enlarged, fragmentary, cross- 
sectional view depicting the internal construction 
of the pin or fin heat exchanger in accordance 
with the invention; 

20 FIG. 3 is a block diagram illustrating schematical- 

ly the relationship of various systems in accor- 
dance with a second preferred embodiment of 
the invention; 

FIG. 4 is a front view of the coolant impeller and 
25 turbine disk in accordance with the preferred em- 

bodiments of the invention; and 
FIG. 5 is a sectional view depicting the manner in 
which the coolant impeller of FIG. 4 is mounted. 

30 Detailed Description of the Preferred Embodiments 

In FIG. 1 an aircraft gas turbofan engine incorpor- 
ating the invention is generally indicated by the nu- 
meral 10. This engine generally comprises a core en- 

35 gine 1 2, a fan assembly (not shown) including a stage 
of fan blades (not shown), and a fan turbine (not 
shown) which is interconnected to the fan assembly 
by rotatable shaft 16. The core engine 12 includes an 
axial flow high-pressure compressor 1 8 having a rotor 

40 20 and a compressor casing 22 bearing a plurality of 
stators 24 interposed in alternating relationship with 
the stages of rotor 20. Each stage of rotor 20 bears a 
plurality of radially directed, circumferentially distrib- 
uted rotor blades 26 and each stator 24 bears a plur- 

45 ality of radially directed, circumferentially distributed 
stator guide vanes 28. 

Air enters the inlet (not shown) of and is initially 
compressed by the fan assembly. A first portion of 
this compressed air enters the fan bypass duct de- 

50 fined, in part, by core engine 12 and a circumscribing 
fan nacelle (not shown) and discharges through a fan 
duct 29 (only a portion of which is shown) and a fan 
nozzle (not shown). A second portion of the com- 
pressed air may be further compressed by a booster 

55 or other compressor and then enters inlet 30, is fur- 
ther compressed by the axial-flow compressor 18 
and then is discharged to a combustor 32. In the com- 
bustor 32 the air is mixed with fuel. The fuel is sup- 



3 



5 



EP 0 584 958 A1 



6 



plied to fuel manifold 33 by means such as a fuel 
pump 34 and an engine fuel control 36 of a type well 
known in the art and responsive to pilot throttle in- 
puts. The mixture is burned to provide high-energy 
combustion gases which drive a core engine turbine 5 
rotor 38. 

Core engine high-pressure turbine rotor 38 com- 
prises a turbine disk 40 bearing a plurality of hollow 
turbine rotor blades 42 about its periphery. The tur- 
bine rotor 38 drives, in turn, the compressor rotor 20 10 
through interconnecting shaft 44 in the usual manner 
of a gas turbine engine. A stationary row of turbine 
nozzle vanes 46 orients the flow into the rotating tur- 
bine rotor blades 42. 

The hot combustion gases than pass through and 15 
drive the fan turbine, which in turn drives the fan as- 
sembly. A propulsive force is thus obtained by the ac- 
tion of the fan assembly discharging air from the fan 
bypass duct through the fan nozzle and by the dis- 
charge of combustion gases from a core engine noz- 20 
zle (not shown), the structure of which is well known 
in the art 

In accordance with a first preferred embodiment 
of the present invention, a turbine cooling system is 
provided which bleeds air from the high-pressure 25 
compressor 18, transfers heat from that compressor 
bleed air to the fuel to be fed to the combustor 32, and 
then supplies the cooled compressor bleed air to the 
cooling circuits (not shown) of the rotor blades 42 of 
the high-pressure turbine rotor 38. The turbine cool- 30 
ing system generally includes an annular outlet mani- 
fold 48 for bleeding air from the high-pressure com- 
pressor 18, a heat exchanger 50 for transferring heat 
by conduction from the compressor bleed air to the 
fuel being fed to the combustor 32, an annular inlet 35 
manifold 52 for circumferentially distributing the 
cooled compressor bleed air returned to the core en- 
gine from the heat exchanger, and an impeller 54 for 
further compressing and feeding the cooling air to the 
hollow turbine rotor blades 42. 40 

In accordance with the invention, the compressor 
bleed air is extracted through a plurality of openings 
56 which communicate with outlet manifold 48. For 
the purpose of illustration only, FIG. 1 shows the pres- 
surized air being extracted behind the fourth- stage 45 
rotor, although the air may in the alternative be ex- 
tracted further downstream or further upstream. The 
precise point of extraction will be a function of the 
amount of press urization required in any particular 
gas turbine engine in conjunction with impeller 54 to so 
force the cooling air through blades 42. 

The high-pressure bleed air flows from outlet 
manifold 48 to heat exchanger 50 by way of outlet 
conduit 58. Heat exchanger 50 comprises a casing 60 
with an inlet 62 for receiving pressurized bleed air 55 
from outlet conduit 58 and an outlet 64 for outputting 
cooled bleed air to an inlet conduit 66 for return to the 
core engine. A plurality of straight extruded tubes 68 



are arranged inside casing 60 in a generally parallel 
array, the ends of straight tubes 68 being connected 
by a plurality of U-shaped tubes 70 to form a serpen- 
tine heat exchange circuit. 

The internal structure of straight tube 68 is shown 
in detail in FIG. 2. Each straight tube 68 has associ- 
ated therewith a plurality of laterally extending pins or 
fins 72 distributed at equal intervals along its length. 
The fins are generally parallel, the parallel surfaces 
defining the direction of the compressor bleed air 
flowing therebetween from inlet 62 to outlet 64 of the 
heat exchanger. Each pinned or finned tube 68 has an 
axially extending hole 74 extending through the inter- 
ior thereof via which the fuel from fuel pump 34 flows 
on its way to fuel control 36. 

In accordance with the first preferred embodi- 
ment of the invention, the inlet of the serpentine heat 
exchange circuit is connected to fuel tank 34 via fuel 
line 76; the outlet of the serpentine heat exchange cir- 
cuit is connected to fuel control 36 via fuel line 78. The 
inlet and outlet of the serpentine heat exchange cir- 
cuit are arranged so that the fuel is in counterf low re- 
lationship with the compressor bleed air. 

By way of example, the compressor bleed air tak- 
en from the fourth stage of the high- pressure com- 
pressor has a temperature of about 700° F and a pres- 
sure of about 150 psi. Inside the heat exchanger, that 
temperature is reduced by the conduction of heat 
from the compressor bleed air to the external surface 
of the finned tubes 68, further conduction of heat from 
the external surface to the internal surface of finned 
tubes 68, and consequent conduction of heat from the 
internal surface of finned tubes 68 to the fuel. As a re- 
sult of this heat exchange, the temperature of the 
bleed air can be reduced by up to 400°F, i.e., to a tem- 
perature of 300°F, while the temperature of the fuel is 
raised by 1 50° F. As a result, the heat removed from 
the compressor bleed air is recovered and returned 
to the engine propulsive cycle, thus improving overall 
engine performance. 

In accordance with a second preferred embodi- 
ment of the invention, an inert or nonflammable fluid 
medium, e.g., water or an antifreeze mixture such as 
water and glycol, is placed in intermediate heat ex- 
change relationship for facilitating heat transfer from 
the compressor bleed air to the fuel. This preferred 
embodiment requires two heat exchangers: the first 
for the transfer of heat from the compressor bleed air 
to the intermediate inert or nonflammable fluid and 
the second for t he transfer of heat from the intermedi- 
ate inert or nonflammable fluid to the fuel. The inert 
or nonflammable fluid would be pumped by pump 112 
through a closed circuit which includes the serpentine 
heat exchange circuits of both heat exchangers 50 
and 50\ as depicted in FIG. 3. The advantage of this 
construction is that in the event of fuel leakage into 
the second heat exchanger, the fuel leakage will not 
enter the core engine with the cooling air, which 



7 



EP 0 584 958 A1 



8 



would create a fire hazard. 

In accordance with a third preferred embodiment 
of the invention, fan bypass air is used as a secondary 
or alternative heat sink. Although the use of fan by- 
pass air as a heat sink provides minimal regenerative 5 
benefit, it enables the compressor bleed air to be 
cooled, with consequent reduction in the metal tem- 
perature of the turbine rotor blades, in cases where 
the fuel cannot serve as a heat sink for the compres- 
sor bleed air. 10 

A common feature of all preferred embodiments 
of the invention is that the cooled bleed air exits the 
heat exchanger and is piped via inlet conduit 66 to an 
inlet 80 which communicates with annular inlet mani- 
fold 52 by means such as a duct 82. The inlet manifold is 
52 circumferentially distributes the cooling air. From 
inlet manifold 52, the cooling air is then pumped into 
an annular cavity 84 between the compressor 18 and 
tube 85 by way of holes through stub shaft 86 in a 
well-known manner. 20 

In the regenerative preferred embodiments, the 
300°F cooling air then flows aftward until it reaches 
an annular chamber 88 located inside the bore 92 of 
radial outflow impeller 54 and in front of (or to the rear 
of) turbine disk 40. The pressure inside chamber 88 25 
is about 135 psi. 

As best seen in FIG. 4, impeller 54 comprises a 
generally annular disk 94 having a plurality of hollow 
radial spokes 96 circumferentially distributed on its 
periphery. Impeller 54 is seated on an arm 98 which 30 
extends from the high-pressure turbine disk 40. As 
best seen in FIG. 5, flange 114 of shaft 44, flange 116 
of arm 98 and flange 118 of impeller 54 are secured 
to disk 120 by bolt 122. 

During rotation of impeller 54, the cooling air in 35 
chamber 88 is centrifuged via radial holes 100, each 
of which extends from the bore 92 to the tip of a cor- 
responding spoke 96. Depending on conditions, im- 
peller 54 will have a pressure ratio of 2 or more. For 
example, impeller 54 compresses the cooling air to a AO 
pressure of about 280 psi and a temperature of about 
476°F. The compressed cooling air from impeller 54 
then enters the spaces 102 formed between the 
roots 104 of the rotor blades 106 and the correspond- 
ing dovetail slots 108 formed in the turbine disk 40. 45 

Each rotor blade has a cooling circuit (not shown) 
of conventional design incorporated therein, which 
cooling circuit communicates with the corresponding 
space 102 via one or more inlets formed in the root 
portion thereof. The rotor blade is then convection so 
and film cooled by the cooling air which flows through 
the cooling circuit in a well-known manner. 

The result of the intercooled cooling air system in 
accordance with the invention is a considerable re- 
duction in the coolant flow and the coolant parasitic 55 
power consumption, as compared to a conventional 
high-pressure turbine blade cooling air feed system. 
In the regenerative preferred embodiments, the 



heat extracted from the compressor bleed air is not 
lost to the cycle, but rather is added to the combustion 
process via the fuel. This adds to the fuel energy in- 
put. Thus, an improvement in efficiency and power 
output can be expected. 

The greatest benef it of the invention derives not 
so much from the reduced coolant airflows, but rather 
from the ability to considerably raise the turbine entry 
temperature, while reducing the metal temperature of 
the high-pressure turbine rotor blades. 

In accordance with a further feature of the inven- 
tion shown in FIG. 1 , at low power states and fuel flow 
rates below a predetermined threshold, e.g., during 
cruise and idle, a bypass valve 110 can be operated 
to enable the coolant to bypass the heat exchanger, 
thereby modulating the coolant temperature. This by- 
pass feature avoids overheating of the fuel which is 
passing through the heat exchanger at a relatively 
low rate reflecting the low power state of the engine, 
which overheating could create fuel system prob- 
lems. 

The preferred embodiment has been described in 
detail hereinabove for the purpose of illustration only. 
Various modifications could be made to the above- 
described structure without departing from the spirit 
and scope of the invention as defined in the claims 
set forth hereinafter. For example, while the present 
invention has been depicted as integral part of a gas 
turbo-fan engine, it will be apparent to those skilled in 
the art of gas turbine engines that the present inven- 
tion is equally applicable to engines of the gas turbojet 
variety, gas turbofan engines having three or more 
spools, or marine and industrial gas turbines. For mar- 
ine and industrial engines, it is possible to use water 
and atmospheric air, respectively, as a secondary or 
alternative heat sink. 



Claims 

1. A gas turbine engine comprising a compressor for 
compressing air and having a rotor, a turbine hav- 
ing a rotor with a plurality of air-cooled rotor 
blades, a casing which encases said compressor, 
a first heat exchanger mounted outside said cas- 
ing and having a chamber with an inlet and an 
outlet, means for bleeding air from said compres- 
sor, means for supplying said compressor bleed 
air to said chamber inlet of said first heat ex- 
changer, and means for routing said compressor 
bleed air from said chamber outlet of said first 
heat exchanger to said air-cooled rotor blades, 
said first heat exchanger further having an inlet 
for receiving a f irstfluid medium having a temper- 
ature lower than the temperature of said bleed air 
and a heat exchange circuit communicating with 
said fluid medium inlet for conducting heat from 
said bleed air to said first fluid medium, whereby 
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said first fluid medium is heated and said com- 
pressor bleed air is cooled. 

2. The gas turbine engine as defined in claim 1, 
wherein said first fluid medium is fuel, and further 5 
comprising a combustor and means for supplying 
said heated fuel to said combustor. 

3. The gas turbine engine as defined in claim 2, fur- 
ther comprising means for enabling at least part 10 
of said compressor bleed air to bypass said first 
heat exchanger when fuel is being supplied to 

said combustor at a rate below a predetermined 
threshold. 

15 

4. The gas turbine engine as defined in claim 1, 
wherein said first fluid medium is inert or non- 
flammable. 

5. The gas turbine engine as defined in claim 1, 20 
wherein said first fluid medium is water. 

6. The gas turbine engine as defined in claim 1, 
wherein said first fluid medium is air. 

25 

7. The gas turbine engine as defined in claim 1, 
wherein said first heat exchanger places said first 
fluid medium and said compressor bleed air in 
counter-flow heat exchange relationship. 

30 

8. The gas turbine engine as defined in claim 1, 
wherein said means for routing said cooled com- 
pressor bleed air from said chamber outlet of said 
first heat exchanger to said air-cooled rotor 
blades comprises means for circumferential ly dis- 35 
tributing said cooled compressor bleed air in an 
annular cavity surrounding a shaft by which said 
turbine rotor drives said compressor rotor and 
means for impelling said cooled compressor 
bleed air radially outward, further increasing its 40 
pressure, whereafter said cooled compressor 
bleed air cools said turbine rotor blades. 

9. The gas turbine engine as defined in claim 1, 
wherein said means for supplying said compres- 45 
sot bleed air to said chamber inlet of said first 
heat exchanger comprises an annular manifold in 
fluid communication with said compressor via a 
plurality of outlets formed in said casing. 

50 

1 0. The gas turbine engine as defined in claim 1 , fur- 
ther comprising a second heat exchanger mount- 
ed outside said engine casing and having a 
chamber with an inlet and an outlet and means 

for supplying a second fluid medium to said 55 
chamber inlet of said second heat exchanger, 
wherein said second fluid medium has a temper- 
ature lowerthan the temperature of said first fluid 



medium and said second heat exchanger further 
has a heat exchange circuit which is in fluid com- 
munication with said heat exchange circuit of said 
first heat exchanger, thereby forming a closed 
circuit which carries said first fluid medium, 
whereby said second fluid medium is heated in 
said second heat exchanger by conduction of 
heat from said first fluid medium. 

11. The gas turbine engine as defined in claim 10, 
further comprising a combustor and means for 
transporting said second fluid medium from said 
chamber outlet of said second heat exchanger to 
said combustor, said first fluid medium being in- 
ert and said second fluid medium being fuel. 

12. A system for feeding cooling air to the rotor 
blades of a turbine in a gas turbine engine having 
a compressor for compressing air and a combus- 
tor for burning a mixture of pressurized air and 
fuel, comprising: 

means for bleeding airfrom said compres- 
sor, 

a first heat exchanger having a chamber 
with an inlet and an outlet; 

means for supplying said compressor 
bleed air to said chamber inlet of said first heat 
exchanger; and 

means for routing said compressor bleed 
air from said chamber outlet of said f irst heat ex- 
changer to said rotor blades, 

wherein said first heat exchanger further 
has an inlet for receiving an inert or nonflamma- 
ble fluid medium having a temperature lower than 
the temperature of said bleed air and a heat ex- 
change circuit communicating with said fluid me- 
dium inlet for conducting heat from said bleed air 
to said inert or nonflammable fluid medium, 
whereby said inert or nonflammable fluid me- 
dium is heated and said compressor bleed air is 
cooled. 

13. The cooling air feed system as defined in claim 
1 2, wherein said first heat exchanger places said 
inert or nonflammable fluid medium and said 
compressor bleed air in counterftow heat ex- 
change relationship. 

14. The cooling air feed system as defined in claim 
12, wherein said means for supplying said com- 
pressor bleed air to said chamber inlet of said first 
heat exchanger comprises an annular manifold in 
fluid communication with said compressor. 

15. The cooling air feed system as defined in claim 
12, further comprising a second heat exchanger 
having a chamber with an inlet and an outlet 
means for supplying fuel to said chamber inlet of 
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said second heat exchanger, and means for 
transporting said fuel from said chamber outlet of 
said second heat exchanger to said combustor, 
wherein said fuel has a temperature lower than 
the temperature of said inert nonflammable fluid 
medium and said second heat exchanger further 
has a heat exchange circuit in fluid communica- 
tion with said heat exchange circuit of said first 
heat exchanger, thereby forming a closed circuit 
which carries said inert nonflammable fluid me- 
dium, whereby said fuel is heated before being 
transported to said combustor by conduction of 
heat from said inert or nonflammable fluid me- 
dium. 

16. The cooling air feed system as defined in claim 
12, wherein said fluid medium is water. 

17. The cooling air feed system as defined in claim 
12, wherein said fluid medium is antifreeze. 

18. A system for feeding cooling air to the rotor 
blades of a turbine in a gas turbine engine having 
a compressor for compressing air and a combus- 
tor for burning a mixture of pressurized air and 
fuel, comprising: 

means for bleeding air from said compres- 
sor, 

heat exchange means for transferring heat 
by conduction from a first fluid communication 
circuit to a second fluid communication circuit; 

means for supplying said compressor 
bleed air to said first fluid communication circuit 
of said heat exchange means; 

means for supplying fuel having a temper- 
ature less than the temperature of said compres- 
sor bleed air to said second fluid communication 
circuit of said heat exchange means; and 

means for routing said compressor bleed 
air from said first fluid communication circuit of 
said heat exchange means to said rotor blades; 

whereby said fuel is heated before being 
supplied to said combustor and said compressor 
bleed air is cooled before being routed to said ro- 
tor blades. 

19. The cooling air feed system as defined in claim 
18, wherein said heat exchange means compris- 
es a closed circuit containing an inert or nonflam- 
mable fluid medium, said closed circuit having a 
first portion in heat exchange relationship with 
said compressor bleed air in said first fluid com- 
munication circuit and a second portion in heat 
exchange relationship with said fuel in said sec- 
ond fluid communication circuit 

20. The cooling air feed system as defined in claim 
18, further comprising means for enabling said 



compressor bleed air to bypass said heat ex- 
change means when the flow rate or temperature 
of said fuel reaches a predetermined threshold. 
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